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to redislocation. Three knees in two patients (15 %) 
still had dislocations or subluxations, but any revision 
was refused. Three knees in three patients caused pain 
and discomfort during daily activity. redislocation first 
developed after a mean of 21.3 months (4–72) postop-
eratively. Only one patient had returned to sport at the 
12-month follow-up.
Discussion The Stanisavljevic procedure produces a 
mediocre success rate with our long-term follow-up series 
showing a failure rate up to 80 %. We therefore recom-
mend more specific procedures dealing with the anatomical 
deformity such as trochleaplasty to produce superior suc-
cess rates.
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Introduction
patello-femoral instability represents a difficult problem to 
treat both conservatively and operatively, and there is no 
general consensus in the literature as to the best manage-
ment [1]. The incidence of patella dislocation ranges from 
6 per 100,000 in the adult population to 43 per 100,000 in 
the pediatric population [2]. recurrent symptomatic sub-
luxation and dislocation of the patella occurs commonly 
in adolescents who are otherwise well, but also in patients 
with predisposing diagnoses such as ligamentous laxity, 
muscular hypotonia or Down syndrome [3]. Various surgi-
cal procedures have been described to manage patello-fem-
oral instability, but none has proven superior or is univer-
sally accepted [4].
Abstract 
Introduction congenital dislocation of the patella and 
recurrent symptomatic dislocation in adolescents are diffi-
cult pathologies to treat. Stanisavljevic described an exten-
sive release procedure essentially involving medializing the 
entire lateral quadriceps and medial soft tissue stabiliza-
tion. There are no significant series reporting the success 
of this method. This procedure has been performed in our 
institution over several years and we report our results.
Method retrospective case series. Between 1990 and 
2007, 20 knees in 13 children and adolescents (mean age 
12.8 years; 4–17, 7 female) with recurrent or congenital 
dislocation of the patella (8 knees) underwent this proce-
dure after failed conservative treatment (mean follow-up 
7.5 years; 4–16). All were immobilized in a long leg cast 
for 6 weeks.
Results Five knees in five patients (20 %, 1 congeni-
tal dislocation) reported their knees as improved with-
out further dislocations. Out of the 15 knees with fail-
ures (80 %) 12 in six patients (60 %) were revised due 
c. camathias (*) · e. rutz · M. götze · r. Brunner · p. Vavken 
paediatric Orthopaedic Department, university children’s 
hospital Basle (uKBB), Spitalstrasse 33, 4056 Basel, 
Switzerland
e-mail: camathias.carlo@gmail.com
p. Vavken 
Department of Orthopedic Surgery, Boston children’s hospital, 
harvard Medical School, Boston, MA, uSA
p. Vavken 
harvard center for population and Development Studies, 
harvard School of public health, Boston, MA, uSA
M. S. gaston 
royal hospital for Sick children, edinburgh, uK
474 Arch Orthop Trauma Surg (2014) 134:473–478
1 3
The pathomechanisms of patello-femoral instability are 
complex and multifactorial, including the osseous anatomy 
of the entire femur, in both torsion and trochlea shape, the 
rotation of the tibia, ligamentous stability of the medial and 
posterolateral knee, and the shape and relative position of 
the patella itself. however, even if the pathology includes 
an osseous component, osteotomies must not be performed 
in skeletally immature patients, which places soft tissue 
balancing in the center of attention.
One of the most commonly used terms in patello-femo-
ral disorders is the Q-angle, consisting of the patella at the 
vertex and an upper ray to the anterior superior iliac spine 
and a lower ray to the tibial tuberosity. early treatment 
options of patello-femoral instability included primarily 
distal realignment procedures aiming at correction of the 
Q-angle. The oldest procedures known include the tubercle 
transfer suggested by roux in 1887 or soft tissue realign-
ment by transfer of the lateral half of the patellar tendon to 
the pes anserine as suggested by goldthwait. however, the 
clinical effect of these procedures aiming at the lower ray 
of the Q-angle is limited and modifications and improve-
ments were sought after. Lateral release and medial plica-
tion are being used to improve the effect of distal realign-
ment procedures by correcting both the lower ray and the 
vertex of the Q-angle, but their clinical impact is still lack-
ing [1].
In 1976, Stanko Stanisavljevic described an extensive 
soft tissue procedure, which addresses the lower ray, vertex 
and upper ray of the Q-angle by combining a patella tendon 
transfer with a lateral release and medial plication and an 
extensive, subperiosteal medialization of the entire lateral 
quadriceps [5]. While the theory behind this procedure is 
at least interesting and trigonometrically plausible, there 
have been no clinical series to systematically study the out-
come of this method. The aim of this study is to determine 
whether the Stanisavljevic procedure is able to achieve 
patellar stability in long term in a cohort of 20 skeletally 
immature patients.
Methods
Study design
This study was designed as a retrospective cohort of skel-
etally immature patients undergoing the Stanisavljevic pro-
cedure for patello-femoral instability. The local ethics com-
mittee approved the protocol. All identified patients were 
available for follow-up with an effective attrition rate of 
0 %.
We retrospectively reviewed all patients who had under-
gone the Stanisavljevic procedure between 1990 and 2007. 
The case records of all patients were reviewed. All patients 
were clinically examined by a board-certified orthopedic 
surgeon with a pediatric specialization on an individual 
basis and any level of persisting patellar instability after the 
Stanisavljevic procedure was assessed and documented.
Surgical procedure (see Fig. 1a–g)
In all cases, the operation and postoperative rehabilitation 
were performed according to the original description by 
Stanisavljevic [5]:
A skin incision is made from ~4 cm below the greater 
trochanter, extending on the lateral aspect of the thigh, 
curving superiorly over the lateral femoral condyle and 
finishing medially four to five cm below the medial con-
dyle (Fig. 1a). The lateral, anterior and medial aspects of 
the knee including the pes anserine are exposed. A strip 
of fascia lata is excised and the lateral septum is identified 
(Fig. 1b). The vastus lateralis is elevated off the septum 
in its entirety from the lateral septum and the periosteum 
on the lateral aspect of the femur is visualized. The peri-
osteum is incised down to bone just anterior to the lateral 
septum. The knee capsule is incised laterally to the patella 
and along the lateral edge of the patellar tendon to the tib-
ial tuberosity. using sharp periosteal elevators, all of the 
quadriceps is subperiosteally elevated, rotated medially and 
the periosteum is sutured to the bone as medial as possible 
(Fig. 1c, d). The patella tendon is also split and the lateral 
half is divided distally and placed under the medial portion 
of the tendon and then sutured as far medially as possible 
on the tibia in the region of the tibial attachment of the 
medial collateral ligament (Fig. 1e, f). This part of the pro-
cedure is similar to that described by goldthwait [6].
A medial parapatellar incision of the capsule is also 
made and the patella is delivered medially under this cap-
sule and sutured medially (Fig. 1g). The capsule is drawn 
laterally over the patella and sutured to the lateral edge of 
the patella securing its reduction. The gap on the lateral 
aspect of the knee is then covered by the fascia lata, which 
was excised earlier.
postoperatively, a long leg cast is applied with the knee 
flexed 5°–10° for 6 weeks. After cast removal, physical 
therapy with active and passive range-of-motion exercises 
of the knee is initiated.
Outcome assessment
The knee evaluation consisted of subjective assessment 
(pain, patellar stability, overall activity level) and objec-
tive measures (recurrence of patellar dislocation and radi-
ographic assessment including sulcus angle and patella 
height by the caton–Deschamps index), and complaints 
referable to sports activity. patients operated bilaterally 
were asked to rate each affected knee separately. All further 
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patella realignment surgeries were recorded. Additional 
diagnoses associated with hyperlaxity and joint instability 
e.g., Down syndrome were specifically noted.
Statistical evaluation
Quantitative continuous data were tested for normality 
using the Kolmorogov/Smirnov statistic and no transfor-
mation was needed. Outcomes are reported as mean ± SD 
with the 95 % confidence interval (95 % cI) [7]. Binary 
data (stability yes/no, recurrence yes/no) are given as 
percentage with 95 % cI. Data collection and statistical 
analysis were done with intercooled Stata 11 (Statacorp 
Lp, college Station, TX).
Results
patient demographics
Between 1990 and 2007, a total of 20 knees (10 right, 
10 left) in 13 patients (7 females and 6 males, mean age 
Fig. 1  Operative description 
for the Stanisavljevic procedure 
(details see “Methods”). a Skin 
incision; b excision of fascia 
lata; c elevation of vastus later-
alis with periosteum; d suturing 
of periosteum more medially to 
the femur; e splitting of patella 
tendon; f placing patella tendon 
as far medially as possible; g 
drawing the capsule laterally 
over patella
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12.8 years, range [4–17] ) with symptomatic recurrent (12 
knees) or congenital dislocation (8 knees) of the patella 
were treated. All patients had been subjected to a prolonged 
period of conservative treatment which had failed. eight 
knees in five patients had congenital permanent disloca-
tions of patella. Follow-up was a mean of 7.5 years (range 
4–16 years). Two patients had prior procedures to the knee, 
namely a femoral and tibial osteotomy bilaterally prior to 
the Stanisavljevic procedure for a congenital patellar dislo-
cation, the second a lateral release and a medial plication. 
In two knees, the Stanisavljevic procedure was combined 
with an elmslie-Trillat operation [8], one with a femoral 
osteotomy for correction of valgus.
Subjective assessment
Five knees in five patients (20 %) were reported as 
improved or much improved. Two patients in this group 
still complained of patello-femoral pain during high-
demand sporting activities such as football or skiing. One 
further patient in this group complained of a subjective 
feeling of instability although no true subluxations or dislo-
cations of the patella occurred.
clinical assessment
15 knees in eight patients (80 %) had further disloca-
tions after the Stanisavljevic procedure after a mean of 
21.3 months (range 4–72 months). All these patients 
described their operated knee as the same as before or 
worse after the Stanisavljevic procedure. Twelve of these 
knees in six patients underwent revision procedures, usu-
ally trochleaplasty and/or additional soft tissue procedures 
such as the Insall procedure or the emslie Trillat [8, 9]. 
Three more knees in two patients still continued to have 
patellar dislocation or subluxation, but declined any further 
surgical intervention. Three knees in three patients in the 
failed group also complained of pain and discomfort during 
activities of daily living in addition to the instability. All 
knees had congenital dislocation but one (seven knees in 
four patients) had again dislocations of patella after a mean 
of 24 months (4–72). Six knees out of eight knees in five 
patients with an underlying diagnosis relevant to hyper-
laxity and joint instability (trisomy and hypotone cerebral 
palsy) had further dislocations.
radiographic assessment
The postoperative assessment at maximum follow-up 
revealed an interesting trend to patella bacha deformities. 
The mean caton–Deschamps index was 0.85 ± 0.15 (95 % 
cI 0.78–0.93), i.e., in the low or low-normal range. The 
mean sulcus angle was 158° ± 5° (95 % 148°–167°). given 
the high rate of recurrent dislocation, measurement of the 
congruence angle was not attempted.
Table 1 demonstrates the demographic details and 
underlying diagnoses, if present, in the successful and 
failed groups, respectively.
Discussion
Stanko Stanisavljevic in 1976 described a surgical proce-
dure to treat congenital, irreducible, permanent lateral dis-
location of the patella. he reported success using this pro-
cedure in six cases at 2 years of follow-up [5]. While this 
procedure or similar ones (lateral release, medial plication) 
are widely used, there are no large long-term series in the 
literature reporting the results of this most extensive lateral 
release method.
Marumo described the use of the Stanisavljevic proce-
dure for patellar instability in one patient with nail–patella 
syndrome combined with a medial translocation of the tib-
ial tuberosity [10]. relative success was described in terms 
of re-alignment of the quadriceps but the patient had a sig-
nificant extensor lag of 30° due to lengthening of the exten-
sor mechanism. It is important to note that this was of a 
combination of procedures and not a Stanisavljevic alone. 
ceynowa described a case where the procedure was done 
in a 4-month-old with rubinstein–Taybi syndrome with 
success [11]. Other authors have suggested that successful 
results were obtained when the operation was performed 
in younger children [12]. They commented that other pro-
cedures, such as the semitendinosus tenodesis or tendon 
transfer, should be combined to achieve better patellar sta-
bility with flexion in older children. Many of these studies 
are limited by the short-term follow-up (<2 years) and our 
study clearly demonstrates that failure with further sub-
luxations can occur at a late stage. Indeed, one patient did 
not ‘fail’ until 6 years after the index procedure [13, 14]. 
As most of these patients are skeletally immature at diag-
nosis, it is imperative that follow-up continues until growth 
is finished as the natural history of the condition could well 
come to light again with growth.
We describe the largest series to date of 20 knees in 
13 patients with a mean follow-up of over 7.5 years. We 
widened the indication for the Stanisavljevic procedure to 
beyond congenital patellar dislocation as it is well known 
that more limited procedures such as the lateral release 
alone have an extremely high failure rate [15]. how-
ever, even with extensive soft tissue realignment like the 
Stanisavljevic procedure, the failure rate is still as high 
as 80 %. radiographical assessment revealed only slight 
trochlea dysplasia with a mean sulcus angle of 158° ± 5°, 
however, there was a concerning trend to patella bacha 
deformity.
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The large majority of these patients underwent further 
surgical interventions and the remaining were left with a 
significant morbidity related to the knee. While many of 
the patients in the failed group had additional diagnoses 
with a higher risk of joint instability, many had simple idi-
opathic patellar instability that also went on to failure of the 
procedure.
The original procedure was recommended for the treat-
ment of irreducible congenital patellar dislocation, but in 
our series only one of the five patients with this diagnosis 
had a successful outcome in the long term with redisloca-
tion occurring at an average of 24 months. green described 
success in a series of four patients with congenital dislo-
cation of the patella using a very similar procedure to that 
described by Stanisavljevic [12]. he suggests that treatment 
at an early age is important for a successful outcome and 
indeed recommends surgery prior to the age of 1 year. This 
theory is borne out by our results where the only successful 
reduction of a congenital dislocation had the procedure at 
the age of 4 years and was up to 9 years follow-up with no 
symptoms. The other congenitally dislocated patella in our 
series had the surgery in their teens and all failed.
gordon and Schoenecker described a soft tissue proce-
dure for patellar instability again similar to that of Stan-
isavljevic. Importantly, however, this was also combined 
with a tibial tuberosity transfer in the skeletally mature and 
full patellar tendon transfer in the skeletally immature [16]. 
With this approach, a reasonable success rate was obtained 
with one redislocation in 17 knees. They emphasized the 
importance of fully understanding the pathological anat-
omy of the condition in each patient and with early surgical 
intervention, addressing each of these pathologies in turn.
It is well known that patellar dislocation in Down’s syn-
drome (trisomy 21) is a difficult problem to deal with [3] 
and again our series shows a high failure rate in this patient 
group with two knees out of seven having a successful 
Table 1  patients and demographic details
patient Diagnose 
dislocation
underlying  
condition
Knee Sex Age at opera-
tion
Follow-up 
(years)
First dislocation 
(months) after 
operation
prior procedures combination 
with
1 congenital Trisomie 21 Left F 17 7 12 elmslie, femoral 
osteotomy
2a congenital right M 13 5 4
2b congenital Left M 13 5 6
3a congenital right F 13 6 13
3b congenital Left F 14 5 6
4a congenital TAr-syndrom 
(thrombocy-
topenia absent 
radius)
right M 14 7 72 Femoral and tibial 
osteotomy
4b congenital TAr-syndrom 
(thrombocy-
topenia absent 
radius)
Left M 14 7 56 Femoral and tibial 
osteotomy
5a recurrent right F 12 13 24 Lateral release, 
medial plication
5b recurrent Left F 15 10 18 elmslie
6a recurrent Trisomie 21 right M 12 5 6
6b recurrent Trisomie 21 Left M 13 4 24
7 recurrent hypotone cerebral 
palsy
Left F 13 16 14
8a recurrent Trisomie 21 right F 13 7 25
8b recurrent Trisomie 21 Left F 13 7 No dislocation
9a recurrent Trisomie 21 right M 12 5 No dislocation
9b recurrent Trisomie 21 Left M 12 5 13
10 recurrent right F 16 14 No dislocation
11 recurrent right M 11 7 26
12 congenital Left F 4 9 No dislocation
13 recurrent right M 13 6 No dislocation
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outcome with the Stanisavljevic procedure. This demon-
strates that a soft tissue procedure, even as extensive as the 
Stanisavljevic, will likely eventually succumb to the patho-
logical process, namely ligamentous laxity associated with 
Downs. A bony procedure such a trochleaplasty or elmslie 
is likely to give more reliable success rates, but the limita-
tion of skeletal maturity has to be adhered to when consid-
ering such interventions [9, 17, 18]. But even the combina-
tion of Stanisavljevic with an elmslie procedure could not 
prevent the dislocation.
In reviewing the results of this procedure over the long 
term, the depressing reality of patellar instability and the 
difficulty of this condition to treat were all too evident. 
We think that the Stanisavljevic procedure, which essen-
tially describes an extensive lateral release combined with 
a medial ‘tightening’, is unreliable when performed alone. 
Where possible early intervention should be contemplated 
and indeed in congenital dislocations or ligamentous lax-
ity diseases this should be at as young an age if possible, 
essentially at the point of diagnosis. In these the procedure 
as described by green is likely to be of benefit. We have 
also seen some early success with the reconstruction of the 
medial patello-femoral ligament in cases of traumatic or 
idiopathic patello-femoral instability [19, 20]. If early inter-
vention is not possible and symptoms have become long 
standing, then we believe it is necessary to add a bony pro-
cedure usually in the form of a trochleaplasty to secure sta-
bility [21, 22]. The patient should have reached or almost 
reached skeletal maturity to undergo such an intervention. 
clearly, to support these theories, long-term follow-up of 
these interventions is required and we will report on this in 
due course.
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